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INTRODUCTION.
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In two previous publications (1) and (2) J. Shearer and the author have
deseribed the Neray analysis of some soil colloids from Western Austrahia
Tasmania. In this paper an acconnt is given of a microscopic examina-

and
tion of these soil colloids.

Lir Lthe first publication cited, the erystalline content of colloid separations
(effective diameter 2 and less) from two soil samples from the Salmon Gums
district in Western Australia was determined.  These two samples, designated
as A 1346 and A 1351, veprezent the subsoil and deep subsoil respectively.

in the sccond publication cited, the erystaliine content of colloid sopara-
tions (effective dimmeter 1-4p and less) from four soil samples from Fasmania
was determined.  The details regarding the source of these four samples
are
551 and 560 Colloid zeparations from soils from Hlawarra in northern
Tasmuania ;

499 Colloid scparation from a basaltic soil of north-west
Tasnania ;

222 Colloid separation from o soil from the 1uon valley in
southern Tusmania.

Phie final Xe-ray conclusions regarding the composition of these soil colloid
fractions are contained m FPable 1. The terms * kaolinite,” * montmorill-
onite,” and * mica " have been used in this table and in the remainder of this
paper, for brevity, to designate a mineral belonging to the kaolinite group,
the montmorillonite group and the mica group respectively,  This is necessary
because at present it is not possible to identify minerals within a group i the
diffraction pattern of a soil colloid.
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TarLe 1,
COMPOSITION OF THE SOILL COLLOLDS.

(Results of N-ray analysis.)

Tasmaniant. l West Australian.

Mineral. R anl. l H60, 4 44). ‘ A 1351 and A L3446,

Quarty oo | Muceh €—— Much =—— Much ‘ Very Little | Possible trace
Kaolimite. ... Little Mch Much l Much | Littte
Mica ... — — - — Much

Montmoritionite = Little | Possible trace  Possible trace —_ -—

Haematite ... - Very Little Very Little Little “ —
Nole . An arrow (—=) indicates increasing amounts of quartz. A similar assessment

with regard to kaolmite in 531, 560 and 499 could not be made.

The soil colloid fractions from Western Australia were separated accord-
mg to the International Method which gives particles of an effeetive dinmeter
of 2p and less. The soil collotd fractions from Tasmania were separated accord-
mg to the former British system which gives particles of an effeetive diameter
of T-4p and less.  From the point of view of this study the main differences
i these two methods of preparation are (1) the Tasmanian soil collowd fractions
are ol a finer grade than the soil colloid fractions from Western Australia,
and (2) the former were oven-dried whereas the latter were air-dited. As
supplied for examination the local material was still attached to the filter paper
and had to be removed by seraping with a glars slide.  The Tasmaman
material was supplicd in a loose powdered form,

For further information vegarding modilications introduced into the two
methods of separation used, reference may be made to the ortginal articles,

SOLL COLLOID FRACTIONS FROM THIE SALMON GUMS DISTRICT
IN WERSTERN AUSTRALIA.

Both soil colloid fractions A 1351 and A 1346 when viewed under the
microscope were seen fo be in the form ol particles np to 50 and greater in
diameter. Smee (0t was claimed that) the clay separations were composed
of particles of 2ge and tess in effective dimmeter, it was assnmed that the par-
Geles viewed beneath the mivroscope were aggreeates of the soil colloid par-
ticles,  In that they exhibited definite optical properties, all these aggregates,
in both snanples, closely resembled Tragments of o single mmoeral,  The optical
propoertios of these agaregates, it s considered, are e to the indiyidual com-
ponents oxhibiting mmiforimty of cryvstallographic orientation,  ‘This oricnta-
tion of soil colloid and clay particles into aggregates after dreving was ortgially
obscerved by Hendrieks and Fry (3) and has been further investigatod by Bray,
Crrimn, and err (). The aggregates appearing in the soil colloid fractions
of A 1351 and A 1346 are lavrger than those noted by Bray, Chiam, and Kerr.
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In samples A 1351 and A 1346 the pertection of the uniformity of orienta-
tion of the individnal components into aggregates 1s amazing. It was not
possible to identify more” than one type of aggregate.  This indicated that
such aggregates were characteristic of the sample as a whole.

The refractive indices were determined on aggregates by fninersion in
mixtures of clove oil and « —monochloronaphthalene,

The main differences between the twa colloid separvations A 1346 and
A 1351 Is one of colour.  Under the microscope A 1346 is Hght brown 3 A 1351
i5 chocolate brown.  All the material of both samples is doubly refracting ;
A 1331 bemg the more bivefringent.  'Fhe extinction of the aggregates is in
all cases sharp. The indices in different divections were castly determinable.
The optical imterferenee fignre of aggregates of both samples is biaxial negative
andl the axial angle is small.  These figures are similar in character to those
wentioned  in the orviginal work  of Hendricks and Fry (3).  The optical
praperties of ageregates of the soil eollowd fractions A 1351 and A 1346 are
summiarised in Table 2.

TisLE 2.

OPTICAL DATA RLELATING TO THE SOIL COLLOID FRACTIONS FROM
WESTERN AUSTRALIA.

Optical Properties. LA D346 (Water Dispersed). | A 13531 (Water Dispersed).
S j : — } Lo e
« 1562 It = i
¥ 1:572 1-5%0
v — 0-010 0015
2y Small Small
Optical character .. {-) (- )

It may be seen from Fable 3 that these optical properties are not those
of any common clay mineral.  Xoray evidence indicates that both the soid
colloid samples are composed of a mixture of two clay minerals, one belonging
to the mica group and the other to the kaolinite group. I the aggregates
wider examination are to be considered represontative of the sample as a
whole, then these optical properties coukl result from an aggregation of the
above two clay minerals.  That two elay  ninerals belonging  to different
arowps may be closely intergrown into ageregates which possess uniformity
of erystallographic orientation has alvcady been noted by Bray, Grim, and
Kerr (4). Hence the optical properties of aggregates of tho soil colloid frac-
tions A 1351 and A 1346 arc consistent with the N-ray conclusions.

TaprLe 3.
OPTICAL PROPERTIES OF CLAY MINERALS,

Kaorixire Grour.

|
Mineral. ‘ Y \ I | Y-« 2V, ‘ Sign.

— N - ‘ . R S
Kaolitlitc o L EBT0—1-560 | 1-563—1-533 [ (3006 24°—50° (=)
Nacrite 1 I-366—1-363 | 1-560—1-557 G- 006 40°—90° | (+-) or (—)
Dl('klt(:l 1556 |- 360 ‘ 0 006 52°.-80° | {(+)
Halloysite oo | Mean Index Ia61—1-549 | Very slight ‘
Hydrous Halloysite | Mean Index  1:342--1:526 | Very slight.
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MoNTMORILLONITE GROTI.

Mineral. v : «
Montmortllonite ... (1530 1500 ’ 1505 —1-470
Bewdetlite 0600 1-530 0 1-530— 154
Nontronite 1610 1-560 1 1-375  1-330
Saponile luelices of refeaction simidlar

Mica Grovr.

Mineral.

-~

Ihie 1-6O5—1-565 | 1-570—1-535

Nofe o This Tiuble is hased o that

NOTL COLLOTD FFRACTIONS

Vi =4 2V, Sign.
0-035  0-025 | 725 )
G-035 - 0-025 Sl (—)

| 0-035- 0-030 Stall {(—)
1o Montmorillonite
‘ |
(
‘ Y-« ’ N Sign.
: S I
0-035—0-030 ’ Small (=)
i i .

published by Gy (5).

FROM TASMANIA.

I general the remarks made in the provions seetion as regards aggrega-

tion ol soil colloid material after deying apply also to the Tasmanian
When viewed nnder the microscope adl four samples were

collonl fractions,

seen fo be i the form of particles up to 50p and greater in diametor.
of what has been previously stated, these

In view
particles are considered to be

agaregates of the soil colloid particles which have an effective diauneter (in

this case) of Todp and less, Sample 222

i3, however, the only lraction which

shows any deducible imiformity of erystallographie orientation of individual

components,
are dark between erossed nicols.

only was determined. Varviations from fhe

The soil colloid samples 551, 560, and 499 ae VOry sinular,

In sueh samples @

The three sanples, 551, 560, 499, and the greater part of 222,

mean index ol refraction

mean value are sl

Agaregates

formed Trom each of these three samples are characterised by their colour,

high indices of refraction, and apparvently isotropic charactoer,
own, that of 551 and 560 dark

of 499 under the microscope is chocolale
Drown.
content of the soil colloid samples,

The high indices of relvaction are
This

iron

The colour
probably due to the high iron

content does not enter the

structure ol the elay minerals present in the soil colloids (a conelnsion arrived

at from the NXeray analyvsis) but probably ¢
Such a possibility has already been noted
These indices of refraction. therefore, clearly do not

fornr of iron oxides or hydroxides,
by Nagoelsehmidt (6).

oats the collotd particles in the

represent the refractive index ol the clay mineral shown to be present by

N-ray  examinadion,

Hendvicks and vy (3) have notee that a high iron

content in a =o0il colloid  fraction tends to mask the doubly refracting material

present.
these three colloid firactions is predominantly

In view of the Neray conclugion that the elay mineral present in
~ kaolinite, it is believed that, in

the absence of a high iron content, aggregates formed from cach of thase three

colloid fractions would still possess only a0 v

generally speaking, the optical data rvelating

ery weak birefringence. Henee,
to aggrcgates of the soil colloid

fractions 551, 56O, and 499 (which are sununarised in Table 3) are consistent

with tho X.ray conclusions.
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Sample 222 is different from the obher Tasmanian saiples in that the colour
beneath the microscope is greyish-yellow, the indices of refraction are lower,

and the aggregates ave more birefringent. Many age

regates are dark between
crossed nicols but some show faicly tniform erystallograpliic orientation of
and for these y — « - 0-005.  Such aggregates failed

gires sufficiently satisfactory Tor the determination of

mdividual components
to show mterference 1
the optival chavacter.  Xeruy evidence indieates that kaolinite and mont -
morillonite are the clay inerals present in this soil colloid fraction. In
view of the facet that the (hreee colloid fractions 251, 360, and 499, containing
kaolinite as the only elay minerat ave non-hivelvingent, the stightly hirefringent
character of 222 (Table 4) is consistent with the above Ny conclusion. That
i, if the aggrogates muder examination wre to be considered representative of
the smnple as & whole, then these two minerals (kaolinite and montmorillonite)
are oceasionally closely intergrowit into aggregates which possess untformity
of crystallographic ovientation.

Tanre 4.

OPTTICAL DATA RELATING TO THE SOIL COLLOLD FRACTTIONS FROM
TASMANLA.

Mean

1
Pl “ Refractive bndex. | 4 | ¥
!
i
222 1567 b 1-a72 0-003
a5l 1605 | el
360 1618 | |
199 . |- 655 ;
l 1}

RE-DISPERSION AND RI-AGGREGATION O THIES SOTL COLLOLDS.

In view of eritieism of the obscervations made in this study that Tirstly
the particles examined were aggregates (of o size up to 30 and. greater in
dizmeter) of soil collotd puarticles rather than original single crystals which
had not been broken down in the preparation, and that secondly two clay
mincerals belonging to different groups may be closely intergrown into aggre-
oates which possess noiformity of  crvstallographic orientation, it was of
interest to restore the particles to their orviginal saspended state where they
had an effective diameter of 2 and to reproduee the agaregates by removing
the particles from suspension. This applied particalavly to the soil eolloid
fractions from Western Australia which exhibit a well marked evvstallinity.

Re-dispersion.— “The ve-dispersion of one of these samples (A 1331) was
undertaken by Mr. Burvill, of the State Department ol Agrieulture, who was
vesponsible. for the original separation ol the West Australiaon =oil colloids.
By repeating precisely the procedure adopted in the preparation, My, Burvill
was able to re-disperse the greater part of the soil colloid saple A 1351 The
individual particles of this suspended material were not visible under high
power magnification.  That some material was not ve-dispersed is of little con-
sequence whon it is realised that. as a rvesult of the grinding a sainple receives
i a mechanical analysis, the amount of clay vecorded s rather arbitrary.

Re-ugyregation.—By removing the elay particles from snspension in the
same manner as originatly carvied out by Mr. Burvill, the author was able to
reprodace the state of large-sized crystal aggvegates in which the sample
oviginally existed, These aggregates again exhibited a well marked uni-
formity of crystallographic orientation.
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Undoubtedly then the lavge-sized particles used in the optical examina-
tion wore not oviginal vimbroken particles, bt on the contrary, were aggrogates
of 0il eolloid particles (the particles being of 2p and less in effective diametor)
which had formed after the dispersion of the material.

OBSERVATIONS ON THE PROCESS OF AGGRECGATION OF SOLL
COLLOITDS.

A series of observations were made with o view (o determining the pear-
ticular stage at which the soil colloid suspension tended to aggregate. i this
study (which was carvied out on the re-dispersed waterial of A 1351) colloid
particles in suspension were allowed to settle on a flat surface (under various
conditions) and the colleeted material was kept constantly under examination,
as the water content was slowly removed by evaporation, 16 was noted,
firstly, that the particles settled in such a manner that all the material colleeted
romained dark between crossed nicols no matter whether evaporation was slow
or fast, whether flocewlated or nnflocculated material was used.  Secondly,
the definition of the interference figine improved as the material lost water.
T'he intevference fignee  became only definitely recognizable when the sample
first showed the production of contraction cracks.  This is in conformity with
the obscrvations of other workers (previously noted) that individual particles
extsting in a soil colloid suspension tend to orient themselves after deying into
aggvegates which possess nniform optical properties. That the whole surlace
was set in o an optieally onoforim manner was scen from the fact that the mter-
forence fignre produced was the same for all the material collected.  This s
completely i accord with Grim’s observations (7) on the production of ordered
aggregales after the dreying out of clay particles which had been allowed to
settle on a shide immersed i a clay suspension.

The interference figwe (which was particularly good for that material
which had lost the largest amount of water) had the same characteristies as
arc sununarised in Table 2 for both original samples of A 1346 and A 1351,
These properties indicate that the aggregates are snperimposed basal plates
(with 8 ¥). normal to which is the acnte hisectrix (o). [1 view of the
N-ray conclusions that the soil colloid nuder examination (A 1351) contained
two clay minerals, mica and kaolinite, these observations provide additional
evidenee that two clay minerals belonging to different groups may be closely
intergrown into aggregates  which possess miformity  of  crvystallographic
orientation.

SUMMARY,

An aceount is given of the results of a microscopic examination of soil
colloid materials from Western Anstralia and Tasmania.  These results are
consistent with the mineralogical composition as deduced from X-ray analysis.
Tho methods employed and the observations made are tn conformity with
those of other workers in this ficld, t
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NOTE ADDED IN PROOF-RIEANDING,

Sinee this paper was fivet prepoved the avthor has heen sueeessful in
obtainme charactferiztie reflections from oriented aggrecates of soil colloid
samples. A tthn of an orented agervegate of cample A 1351 shows sthrong
basal veflections at 7 A and 10 A indicating the presence ol hoth kaolinite
and miea i the same agereeale and thus fully conlivming the conclusions
reached above on the agegregation of soil colloids,






